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(57) ABSTRACT 
A grid-based transmission system for determining relative 
positions of vehicles in a grid quadrangle of a reference grid, 
each vehicle having a transmitter and a receiver, comprising 
determining an absolute position of a vehicle. A reference 
grid is obtained. A reference point for the reference grid is 
assigned; and a relative position of the vehicle relative to the 
reference point is generated. The reference grid is a stored and 
previously generated reference grid, or is generated based on 
the absolute position and a transmission range of a transmit 
ter. The vehicle sends a position message containing the rela 
tive position; the transmission range; an identity of the 
vehicle; an identity for all other vehicles that have previously 
sent a position message received by the vehicle; and the 
relative position of the all other vehicles. 

See application ?le for complete search history. 27 Claims, 4 Drawing Sheets 
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GRID-BASED TRANSMISSION SYSTEM 

CROSS-REFERENCE TO OTHER 
APPLICATIONS 

This is a National Phase of International Application No. 
PCT/SG2003/000270, ?led on Nov. 14, 2003, Which claims 
priority from US. Provisional Patent Application No. 60/465, 
769, ?led on Apr. 28, 2003. 

FIELD OF INVENTION 

The invention relates to a grid-based transmission system 
and refers particularly, though not exclusively, to such a sys 
tem to enable e?icient sending and receiving of position 
messages for determining absolute positions of vehicles in a 
space. 

BACKGROUND 

All applications for location-based communication, com 
mand and control systems use information based on an X, 
Y-axis reference. When a netWork of moving members is 
involved, information has to be frequently updated. Depend 
ing on networks requirements for resolution and accuracy, 
the information may become a major part of the siZe of the 
message frame. Where the system requires World-Wide oper 
ability, the siZe of the X-Y information in a one-meter reso 
lution is, for example, greater than 52 bits (26 bits for X and 
26 bits for Y), to cover 40,000 Km. 

If the range of the communication is three or more orders of 
magnitude smaller, the receiving of a transmission alloWs one 
to assume the position of the transmitting member. Some 
World-Wide netWorks limit by regulation the maximum 
alloWed transmitter output poWer. 

SUMMARY OF THE INVENTION 

According to a preferred aspect of the present invention 
there is provided a grid-based transmission system for deter 
mining relative positions of vehicles in a grid quadrangle of a 
reference grid, each vehicle having a transmitter and a 
receiver, comprising the steps: 
(a) determining an absolute position of a vehicle; 
(b) obtaining the reference grid; 
(c) assigning a reference point for the grid quadrangle; and 
(d) generating a relative position of the vehicle relative to the 

reference point. 
The reference grid may be obtained by being generated, or 

by retrieving a stored and previously generated reference 
grid. Also, the reference grid may be based on the transmis 
sion range of the vehicle’s transmitter or from the identity of 
the vehicle’ s transmitter. The transmission range may be 
obtained from a speci?cation of the transmitter, and the ref 
erence point may be an agreed reference point, or a reference 
point generated by an agreed methodology. 

There may be included a further step of the vehicle sending 
a position message containing the relative position. The posi 
tion message may also contain one or more of the transmis 
sion range; an identity of the vehicle; an identity for all other 
vehicles that have previously sent a position message that Was 
received by the vehicle; and the relative position of the all 
other vehicles. A position message previously sent and/or 
received may be at any previous time and in particular may be 
Within a pre-determined number of transmission cycles. 

Alternatively or additionally, there may be included an 
additional step of receiving from a second vehicle a position 
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2 
message containing a relative position of the second vehicle. 
The position message may also contain the identity or trans 
mission range of the transmitter of the second vehicle, and an 
identity of the second vehicle. The reference grid may be 
generated based on the identity or transmission range of the 
transmitter of the second vehicle. 
The reference grid may be generated according to the abso 

lute position to alloW for different grid systems in different 
areas of the globe. That Will provide a Way to eliminate the 
problem of the longitude and latitude lines becoming closer 
as one approaches the north and south poles area making the 
quadrangle not a square, and potentially making the quad 
rangle smaller than the maximum range. Preferably, the quad 
rangle approximates a square. 

In a further preferred form, the present invention also pro 
vides a method for determining relative position of vehicles in 
a grid quadrangle of a reference grid, all vehicles having a 
transmitter and receiver, the method comprising the steps: 
(a) a ?rst vehicle determining its absolute position; 
(b) the ?rst vehicle obtaining the reference grid; 
(c) assigning a reference point to the reference grid; 
(d) the ?rst vehicle generating a relative position of the ?rst 

vehicle relative to the reference point; and 
(e) the ?rst vehicle sending a position message containing the 

relative position. 
In a penultimate preferred form the present invention pro 

vides a method for determining relative positions of vehicles 
in a grid quadrangle of a reference grid, all vehicles having a 
transmitter and a receiver, the method comprising the steps: 
(a) a second vehicle receiving a position message from a ?rst 

vehicle; 
(b) the second vehicle obtaining the reference grid; 
(c) the second vehicle determining its absolute position; and 
(d) the second vehicle determining the ?rst vehicle reference 

point to the reference grid. 
The reference point of the second vehicle is determined by 

the second vehicle, and is preferably selected from an agreed 
reference point, and a reference point generated by an agreed 
methodology. The ?rst vehicle determines its reference point, 
the reference point of the ?rst vehicle being the same as or 
different to the reference point of the second vehicle. The 
second vehicle may generate a relative position of the second 
vehicle relative to its reference point. 
The reference grid may be obtained by being generated, or 

by retrieving a stored and previously generated reference 
grid. The reference grid may be generated by using the iden 
tity of the transmitter of the ?rst vehicle or a maximum 
transmitting range of the transmitter of the ?rst vehicle. 

For all forms, the absolute position may be obtained by 
using a GPS. Also, the grid quadrangle may have a siZe 
greater than the maximum transmitting range. Preferably, the 
reference grid has a quadrangle siZe at least tWice the maxi 
mum transmitting range. 
The position message may also contain an identity of the 

?rst vehicle, and at least one of, the maximum transmission 
range of the transmitter of the ?rst vehicle, and an identity of 
the transmitter of the ?rst vehicle: and the reference grid is 
generated based on at least one of the transmission range of 
the transmitter of the ?rst vehicle, and an identity of: the 
transmitter of the ?rst vehicle. 
The position message may also contains an identity of all 

other vehicles that have previously sent a position message 
that Was received by the ?rst vehicle, and the relative position 
of the all other vehicles; as received by the ?rst vehicle in a 
predetermined number of previous transmission cycles. 
The assigning of the reference point may be dynamic. 
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For all forms, the second vehicle may use the relative 
position of the ?rst vehicle, the maximum transmission range, 
and the absolute position of the second vehicle to determine 
the absolute position of the ?rst vehicle. 

In a ?nal preferred form, the present invention provides a 
computer usable medium comprising computer program 
code that is con?gured to cause a processor to execute one or 
more functions to perform the method described above. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In order that the present invention can be readily under 
stood and put into practical effect, there shall noW be 
described by Way of non-limitative example preferred 
embodiments of the present invention, the description being 
With reference to the accompanying illustrative draWings in 
Which: 

FIG. 1 is an illustration of the methodology for determining 
netWork members positions using one aspect of the present 
invention; 

FIG. 2 is a How chart for the methodology of a member 
calculating their oWn position according to a preferred aspect 
of the present invention; 

FIG. 3 is and illustration of a receiver being Within trans 
mitter range; 

FIG. 4 is, a further illustration of a receiver being Within 
transmitter range; and 

FIG. 5 is an illustration of a receiver being outside trans 
mitter range. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The present invention is useable over a large area. The 
space may be global, or regional. If regional, it may be for a 
country (for aircraft), an ocean (for ships), or a smaller area 
such as a city or state for land vehicles. It may be used for 
vehicles such as, for example, aircraft, ships, and land 
vehicles requiring communication betWeen them of their 
relative positions. Such land vehicles may include military 
vehicles, large trucks, ?re trucks, railWay locomotives, or the 
like. 

The folloWing exemplifying description is for aircraft on a 
global grid. In the netWork there may be a large number of 
aircraft. Present systems rely on aircraft position information 
in latitude and longitude for each member in the netWork 
being broadcast to all members of the netWork. According to 
a preferred aspect of the present invention, only a relative 
position of each member is transmitted to members Within the 
netWork. The absolute position of each member can be 
obtained from the folloWing information: 

pre-de?ned globe-Wide grid of reference points; 
the members oWn absolute position; and 

received relative position of other members. 
If a member receives the message, then the member must 

be Within the transmission range of the sender. 

Using the knoWn maximum range of a members transmit 
ter, it is possible to divide the globe into a variable-size grid. 
Each member can send their position relative to an agreed 
grid and assigned reference point. The netWork member 
receiving the position message is able to determine the posi 
tion of the vehicle transmitting the position message by deter 
mining the grid reference point and adding, to it the offset 
position. 
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4 
With reference to FIGS. 1 and 2, to keep the netWork 

distributed each member of the netWork Will: 

When transmitting (FIG. 2): 
l. Acquire their absolute position (step 1) 
With common GPS technology (or its equivalent) each 
member can acquire the member’s absolute location in 
latitude and longitude. 

2. Assign a reference point (step 2) 

With their absolute location from step 1 and the member’ s 
transmitter’s maximum range as inputs, the appropriate 
reference grid is generated. The reference grid can be 
generated based on one of: the transmitter range, the 
transmitter identity, or may be a previously used and 
stored reference grid. In the last case, a code for the grid 
is preferably included in the transmission. 

In step 3, the grid quadrangle in Which the member is 
positioned is determined. The reference point for the 
grid quadrangle is assigned to the grid. The assigning of 
the reference point may be dynamic, and the methodol 
ogy or calculation of the assigning of the grid reference 
point may be agreed. The reference point may be any 
reference point in the grid such as, for example, loWer 
left, south West, top right, north east, top left, north West, 
loWer right, south east and so forth. The member’ s trans 
mitter’ s maximum range may be obtained from the 
transmitter’s speci?cations. It is preferably pre-pro 
grammed into the vehicles’on-board computer. Altema 
tively, it may be set by regulation, by a standard, by a 
protocol, or by a convention or agreement. The vehicles 
may store transmission ranges of transmitters so that all 
that needs be transmitted is the identity of the transmit 
ter. The receiving vehicle can easily determine the range 
of the transmitter from the stored data. 

The reference grid may be generated according to the abso 
lute position to alloW for different grid systems in dif 
ferent areas of the globe. That Will provide a Way to 
eliminate the problem of the longitude and latitude lines 
becoming closer as one approaches the north and south 
poles area making the quadrangle not a square, and 
potentially making the quadrangle smaller than the 
maximum range. Preferably, the quadrangle approxi 
mates a square. It may be a rectangle. The quadrangle 
may be regular, or irregular. At least one of the lines of 
the quadrangle may not be straight The siZe and/ or shape 
of the quadrangle may vary according to latitude and/or 
longitude. 

3. Calculate relative position (step 4) 
The member’s relative latitude and longitude position rela 

tive to the assigned reference point is then calculated. 

4. Transmit relative position (step 5) 
Each member can transmit their relative position to all 

netWork members in a position message. The transmit 
ted position message should contain: 

(i) the member’s identity, and 
(ii) the member’s relative position. 
Where the reference grid is a predetermined grid this infor 

mation is su?icient. 

If the netWork of members in the reference grid includes 
transmitters of more than one type and/ or range, the data 
transmitted should include more data to enable genera 
tion of the reference grid. The extra data included may 
comprise, for example: 
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(i) the maximum range of the member’s transmitter, and 
(ii) a grid code to help selecting the reference grid from a 

predetermined list of reference grids. 
The maximum transmitter range may be set by regulation, 

a standard, a protocol, a convention, or agreement. 
Receiving (FIG. 1) 

1. Receive relative positions (step 6) 
Receive a position message from another netWork member 

(“sending member”) and recogniZe the maximum range 
of the transmitter of the sending member. 

2. Acquire absolute position (step 7) 
With generally available GPS technology (or its equiva 

lent), the receiver determines its ab solute location in 
latitude and longitude. 

3. Obtain reference grid (step 8) 
Using the maximum range of the sending member’ s trans 

mitter as transmitted in the position message, obtain the 
appropriate reference grid by either being generated, or 
by retrieving a stored and previously generated refer 
ence grid. The reference grid can be determined at the 
discretion of the receiver. 

4. Calculate the transmitter’s absolute position (step 9) 
The receiver determines the grid reference point and cal 

culates the transmitter’s absolute position. 
The receiver is then in the position of being able to send it 

to all other members in the netWork during the receiver’ s next 
transmission cycle. 

For each relative position there may be a different reference 
point. The sending vehicle Will have its reference point The 
receiving vehicle may share the same reference point. This 
may happen if the tWo vehicles are in the same quadrangle in 
the reference grid, but not necessarily. If the tWo vehicles are 
in different quadrangles of the reference grid, the reference 
points Will be different if the same methodology for allocating 
a reference point is used. 

Therefore, the receiver knoWs the absolute position of the 
sender. 
The receiver can then send its position message in its next 

transmission cycle. The transmission message Will also con 
tain information of the position of the sending vehicle. As 
communication betWeen vehicles Will be ongoing, the infor 
mation of the position of the sending vehicle may be limited 
to such information received in a predetermined number of 
transmission cycles so that the information is still relevant. 
The predetermined number of Will vary according to the 
nature of the vehicles. For relatively fast vehicles, the prede 
termined number Will be relatively loW, but for relatively sloW 
vehicles, the predetermined number may be quite large. 

The reference grid is constructed in such a Way that for 
each position message received there Will be only one refer 
ence point to Which the relative position can refer knoWing the 
receiver location. This quality can be achieved by using a grid 
that is tWo times larger than the range of the transmitters. 
Therefore calculating any received message Will give a sin 
gular result. 

To refer noW to FIGS. 3 to 5, one example of a grid structure 
10 is shoWn. The receiver is shoWn by the large dot 11. The 
transmitter is at Tibut can not be the centre 12 of circle 13. 
The circle 13 represents the maximum range of the transmit 
ter of the transmitting vehicle T therefore the only T that can 
be the sender is the centre 15 of circle 16. Note that the 
position data is relative to the loWer left comer and the trans 
mitter T location can be in any of the Ts' instances. Therefore, 
the actual position T is determined by the location of receiver 
11. The radius of the circle is the maximum range and is 
designated r. The difference betWeen the total maximum 
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6 
range (i.e. the diameter of circle 13) and the siZe of each 
quadrangle R of grid 10 is Ar. Therefore, 

Where Ar is an agreed safety margin. Preferably, it is agreed 
upon at a practical level and may vary according to many 
factors such as, for example, the nature of the vehicles, Where 
they are, and so forth. It should be considered as a constant 

during operation of the system. It may be, for example, 10%. 

This alloWs transmitting smaller position messages, With 
out reducing the required netWork accuracy. The shorter the 
maximum range of the network, the better optimiZation Will 
be accomplished. For example a netWork With 4000-meter 
transmitter range Will be half the siZe (26 bit Vs 52 bit) of a 
netWork With a 8000-meter range. 

The reference grid has a quadrangle siZe that is greater 
than, and preferably at least tWice, the maximum transmitting 
range. 

FIG. 5 illustrates When member 11 is outside the transmis 
sion range of T’ s transmitter and therefore Will not receive the 
position message. HoWever, by this stage the member 11 is in 
a different grid quadrangle, but does bring With it the previous 
contact details of aircraft in previous communication cycles. 

Consider an example of a global netWork for collision 
avoidance of marine vessels. This netWork may use 2.4 GHZ 
loW poWer transmitters Within the limitation of FCC part 15A. 
The range that such an application requires has to be Within 
the response time When a Warning of a possible future colli 
sion arises. One-minute Warning is suf?cient to change the 
direction of a ship and to create enough clearance betWeen the 
tWo vessels. The range that vessels can travel in one minute is 
less than 2 Km, so a netWork With a maximum range of 2 Km 
alloWs the globe to be divided into a grid having 4-Km quad 
rangles. Each participant can transmit their global position 
With a 26-bit position message. 

The present invention also provides a computer usable 
medium comprising computer program code that is con?g 
ured to cause a processor to execute one or more functions to 

perform the method described above. 

Preferably, all transmissions and receptions may be auto 
matic. An on-board computer for each vehicle can perform all 
necessary computations. Preferably, the on-board computer 
is directly linked to the transmitter and receiver to enable full 
digital transmission and reception. Transmission and recep 
tion may be in accordance With TDMA or CDMA standards 
and protocols. The vehicle may have a display for indicating 
the relative positions of all vehicles Within the quadrangle of 
the grid or transmission range. 

The communication channel may have either or both of 
small position messages and more detailed position mes 
sages. The more detailed position messages may contain dif 
ferent levels of detail, but all the position messages should 
contain the detail of the small position messagesithe relative 
position of the sending vehicle. This may be applicable to all 
levels of the messages, and messages having all or some of the 
different levels of detail may appear in a communication 
session. 

Whilst there has been described in the foregoing descrip 
tion a preferred embodiment of the present invention, it Will 
be understood by those skilled in the technology that many 
variations or modi?cation in details of design, construction or 
operation may be made Without departing from the present 
invention. 
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What is claimed is: 

1. A grid-based transmission system for determining rela 
tive positions of vehicles from their absolute positions in a 
quadrangle of a reference grid, each vehicle having a trans 
mitter and a receiver, comprising: 

an on-board computer to 

a) determine an absolute position of a ?rst vehicle; 

b) obtain the reference grid With a quadrangle siZe greater 
than a maximum transmitting range of a transmitter for 
the ?rst vehicle; 

c) assign a reference point in the reference grid; 

d) generate a relative position of the ?rst vehicle relative to 
the reference point; and 

e) send a position message containing the relative position 
and the maximum transmission range of the ?rst vehi 
cle’s transmitter. 

2. A system as claimed in claim 1, Wherein the reference 
grid is obtained by retrieving a stored and previously gener 
ated reference grid. 

3. A system as claimed in claim 1 Wherein the absolute 
position is obtained by using a Global Positioning System 
(“GPS”). 

4. A system as claimed in claim 1, Wherein the reference 
grid has a quadrangle siZe at least tWice the maximum trans 
mitting range. 

5. A system as claimed in claim 1, Wherein the reference 
point is selected from the group consisting of: an agreed 
reference point, and the reference point as generated by an 
agreed methodology. 

6. A system as claimed in claim 1, Wherein the reference 
grid is generated based on at least one selected from the group 
consisting of: the transmission range of the transmitter of a 
second vehicle, and the identity of the transmitter of the 
second vehicle. 

7. A system as claimed in claim 6, Wherein the maximum 
transmission range is obtained from a speci?cation of the 
transmitter. 

8. A system as claimed in claim 6, Wherein the on-board 
computer further: 

f) receives from the second vehicle a position message 
containing a relative position of the second vehicle, the 
?rst vehicle using the relative position of the second 
vehicle, the maximum transmission range, and the ab so 
lute position of the ?rst vehicle to determine the ab solute 
position of the second vehicle. 

9. A system as claimed in claim 8, Wherein the position 
message from the second vehicle also contains the transmis 
sion range of the transmitter of the second vehicle and an 
identity of the second vehicle, and the reference grid is gen 
eratedbased on at least one selected from the group consisting 
of: the transmission range of the transmitter of the second 
vehicle, and an identity of the transmitter of the second 
vehicle. 

10. A system as claimed in claim 1, Wherein the position 
message also contains an identity of the ?rst vehicle. 

11. A system as claimed in claim 10, Wherein the position 
message also contains an identity of all other vehicles that 
have previously sent a position message that Was received by 
the ?rst vehicle, and the relative position of the all other 
vehicles, as received by the ?rst vehicle in a predetermined 
number of previous transmission cycles. 
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8 
12. A system as claimed in claim 10, Wherein the position 

message is receivable by a second vehicle, the second vehicle 
using the relative position of the ?rst vehicle, the maximum 
transmission range, and the absolute position of the second 
vehicle to determine the absolute position of the ?rst vehicle. 

13. A method for determining relative position of vehicles 
from their absolute positions in a quadrangle of a reference 
grid, all vehicles having transmitters and receivers, the 
method comprising: 

a) a ?rst vehicle determining its absolute position; 
b) the ?rst vehicle obtaining the reference grid With a 

quadrangle siZe greater than a maximum transmitting 
range of a transmitter for the ?rst vehicle; 

c) the ?rst vehicle assigning its reference point to the ref 
erence grid; 

d) the ?rst vehicle generating a relative position of the ?rst 
vehicle relative to its reference point; and 

e) the ?rst vehicle sending a position message containing 
the relative position and the maximum transmission 
range of the ?rst vehicle’s transmitter. 

14. A method as claimed in claim 13, Wherein the reference 
point is selected from the group consisting of an agreed ref 
erence point, and a reference point generated by an agreed 
methodology. 

15. A method as claimed in claim 13, Wherein the position 
message contains an identity of the transmitter of the second 
vehicle. 

1 6. A method as claimed in claim 15, Wherein the reference 
grid is obtained by being generated based on at least one 
selected from the group consisting of: 

the transmission range of the transmitter of the second 
vehicle, and the identity of the transmitter of the second 
vehicle. 

17. A method as claimed in claim 15, Wherein the maxi 
mum transmission range is obtained from a speci?cation of 
the transmitter. 

18. A method as claimed in claim 13, Wherein the reference 
point is selected from the group consisting of an agreed ref 
erence point, and a reference point generated by an agreed 
methodology. 

19. A method as claimed in claim 13, Wherein the absolute 
position is obtained by using GPS. 

20. A method as claimed in claim 13, Wherein the siZe of 
the grid quadrangle is at least tWice the maximum transmis 
sion range. 

21. A method as claimed in claim 13, Wherein the position 
message also contains an identity of the ?rst vehicle. 

22. A method as claimed in claim 13, Wherein the position 
message also contains an identity of all other vehicles that 
have previously sent a position message that Was received by 
the ?rst vehicle, and the relative position of the all other 
vehicles; as received by the ?rst vehicle in a predetermined 
number of previous transmission cycles. 

23 . A method as claimed in claim 13, Wherein the as signing 
of the reference point is dynamic. 

24. A method as claimed in claim 13, Wherein the quad 
rangle is selected from the group consisting of: regular quad 
rangle, irregular quadrangle, rectangle, and square. 

25. A method as claimed in claim 24, Wherein the quad 
rangle has at least one side that is not straight. 

26. A method as claimed in claim 24, Wherein at least one 
of the siZe and shape of the quadrangle varies according at 
least one of the latitude and longitude. 

27. A computer readable storage medium storing computer 
program code that is con?gured to cause a processor to 
execute one or more functions to perform a method for deter 
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mining relative positions of vehicles from their absolute posi 
tions in a quadrangle of a reference grid comprising: 

determining an absolute position of a ?rst vehicle; 
obtaining a reference grid With a quadrangle siZe greater 

than a maximum transmitting range of a transmitter for 
the ?rst vehicle; 

assigning a reference point to the reference grid; 

10 
generating a relative position of the ?rst vehicle relative to 

the reference point; and 
sending a position message containing the relative position 

and the maximum transmission range of the ?rst vehi 
cle’s transmitter. 


